Copper alloy has been used as interconnection materials for various electronic applications due to their intrinsic properties of high conductivity and pertinent strength. The
Introduction
It is easily expected that the electronic devices related with network, multimedia and various digital contents are developed to be user-friendly, easy operation and handling [1] [2] [3] . Therefore, the electronic devices have been focused on the adaptation of high frequency with GHz such as return loss and insertion loss. High electrical conductivity of copper material is required for these needs.
We are to develop the new copper materials with, possibly, 80%IACS-800MPa by combining the copper alloy with high strength and the silver with high conductivity in this study. The conventional copper alloy shows maximally 60%IACS and 700MPa. Figure 1 showed the fabrication process of the combined structure in this study. The copper alloys having tensile strengths ranged 561~592MPa were spin-coated with photoresist ink. The photo-resist layer on copper alloys were opened with ultra violet lithography process and followed by chemical etching.
It was expected from this study that the copper alloys with high electrical conductivity and high mechanical strength would be obtained simultaneously by the combined structure, and also could be implemented into the various electronics for GHz frequency. The Cu-Fe-P alloys with tensile strength ranged 561~592MPa and electrical conductivity ranged 40~51%IACS were used in this study, which were also named as alloy number 1, 2 and 3, respectively, as shown in Table 1 and Table 2 . The Cu-Fe-P alloys were recently developed and supplied by Korea Institute of Materials Science.
Experimental procedure
The Cu-Fe-P alloys were cut with 30mm × 30mm and their surfaces were cleaned with ethanol. The cleaned surfaces were spin-coated with photo-resist ink by 5㎛ in the condition of 5000rpm speed for 20 seconds. The lithography process was carried out by ultra-violet ray with 900mJ for 60 seconds and by FeCl 3 etching solution for 60 seconds. And also, the plating process was carried out by 2A under 3V and for 30min using silver. From this process, the conduction paths of silver on the Cu-Fe-P alloys were formed in a row with thickness of 20㎛, width of 100㎛ and space of 30㎛. The electrical conductivities and the mechanical properties were characterized by 4-point probe and nano-indentation, respectively. The tensile strengths of Cu-Fe-P alloys were measured as 561, 572 and 592MPa with their compositions, respectively. When the conduction path was formed on those alloys by silver, the tensile strengths were similar to each other, which could be proven by statistical analysis, 2-sample t. If the Pvalue is larger than 0.05 during the statistical analysis, there is no difference significantly between two samples within 95% confidential interval. Therefore, even though the tolerance of tensile strengths of the combined structure is a little larger than that of Cu-Fe-P alloys, it could be understood that the tensile strengths between Cu-Fe-P alloys and their combined structure were nearly the same, which results strongly induce that the tensile strength of the combined structure is dependent on their matrix.
Results and Discussion
K combined : electrical conductivity of the combined structure K Cu : electrical conductivity of copper alloy κ : ratio of electrical conductivity, silver/copper alloy α : ratio of area, silver/combined structure On the other hand, it was expected that the electrical conductivity of combined structure formed from Cu-Fe-P alloys would be enhanced because the silver with higher conductivity was embedded on the surface of Cu-Fe-P alloys. From the simple calculation as equation (1), the conductivity of combined structure was influenced by the conductivity of embedded materials and dimension. Therefore, the conduction paths embedded by silver would be given to the good conductivity of Cu-Fe-P alloys if the volume of paths were large. Figure 3 (a) and 3(b) showed cross sections of the combined structure before and after silver plating, respectively. As shown in Figure 4 , the electrical conductivity of combined structure was higher than that of Cu-Fe-P alloy due to the silver conduction path embedded on the copper alloy.
The average values were measured as 54, 63 and 60% IACS with the sample number, respectively, which were increased by 30~40% comparing with the Cu-Fe-P alloys. These results were also coincided by the statistical analysis, where the Pvalue of all samples were lower than 0.05. Therefore, We can know obviously that the electrical conductivity of the combined structure is increased by the silver path on copper alloys. If the silver paths were formed largely on the highly strengthened copper alloy, the conductivity and strength would be increased simultaneously as displayed from these results.
In order to spin-off our results, we applied the conduction paths of silver into several copper alloys such as copper thin foil (18㎛), C7025 and C5210R. The 18㎛ copper thin foil was used generally as raw materials for printed circuit boards, And also, the C7025 and C5210R were used as raw materials for lead frame. As previous results on electrical conductivity, the combined structure of several copper alloys showed the incresed values as shown in Figure 5 , where the conductivity of copper thin foil was increased very highly by 80% through forming the conduction path of silver. Wheres, the tensile strength of each combined sample was very similar to their matrix, namely, also considered to be dependent on the tensile strength of their matrix. Copper foil, ◆ :combined copper foil, ☆ : Cu-Fe-P alloy, ★ : combined Cu-Fe-P alloy, △ : C5210R, ▲ : combined C5210R-Ag, ○ : C7025, • : combined C7205-Ag)
Conclusion.
It was suggested successfully by the combined structure that electrical conductivity and tensile strength were simultaneously increased.
The combined structure of copper alloy was formed by embedding silver into the surface of copper alloy, which was likely as the semiconductor process. The embedded silver layer played a role of the conduction path of electrical current without any changes of tensile strength because the conduction paths were formed with a thickness of 20um. Therefore, the tensile strengths of all combined samples were very similar to their matrix alloy, whereas, the electrical conductivity of the combined samples were increased by 20% comparing with the Cu-Fe-P alloy. The variation of conductivity and strength of the combined structure formed from copper foil and commercial copper alloys were also the same, where the conductivity of copper foil was increased by 80% through combining the silver on foil. It was obvious from this study that the higher conductivity and strength could be obtained at once by the combined strucrture, and also was expected that the simultaneous properties were designable by controlling a volume of silver on copper alloy.
